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ectodermal explants. We have identified a new gene, Xfeb, in
this screen. Using an inducible zic1 construct and the protein
synthesis inhibitor cycloheximide, we confirmed by RT-PCR
that Xfeb is a direct target of zic1. Xfeb is a member of the
pathogenesis-related (PR) protein superfamily and contains
five tandem SCP domains. The sequence of Xfeb suggests that
it may possess serine protease activity. Xfeb is expressed in the
presumptive hindbrain region during neurula stages. Misex-
pression of zic1 induces ectopic Xfeb expression, while
dominant-interfering zic1 constructs interfere with endogenous
Xfeb expression. Xfeb represses the anterior neural gene otx2,
suggesting that Xfeb is involved in regionalizing the neural
plate. Other direct target genes of zic1 that we have identified
include the snail and nbx genes, suggesting regulatory
connections during neural crest development.
doi:10.1016/j.ydbio.2006.04.171
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Vertebrates exhibit anatomical differences along the left–
right (L/R) axis in the viscera and central nervous system.
Although much is known about the molecular pathways
leading to visceral organ asymmetry, surprisingly, little is
known about development of L/R differences in the brain. We
used the genetically and embryonically tractable zebrafish as a
model system to study how asymmetric populations of neurons
develop. The zebrafish epithalamus, a region of the forebrain,
consists of the melatonin secreting pineal organ, a left-sided
pineal accessory called the parapineal organ, and the habenular
nuclei. To identify genes required for development of L/R
differences in the brain, we screened for mutations that
disrupted asymmetric gene expression. One such mutation,
from beyond (fby), causes a brain-specific defect in laterality
resulting in a severe reduction of parapineal fate. Because
parapineal cells are required to maintain asymmetry in the
habenulae, L/R differences in habenular gene expression and
neuronal projections are lost in fby mutants. Positional cloning
identified a transcription factor expressed in the pineal and
parapineal as the gene disrupted by the fby mutation. Another
transcription factor, the homeobox gene floating head (flh), is
expressed in the pineal but not the parapineal. In contrast to fby,
flh mutants develop a severely reduced pineal organ but
maintain an asymmetric parapineal. In fby; flh double mutant
embryos, we see an additive phenotype with both pineal and
parapineal severely reduced, suggesting that these two genes
are involved in parallel pathways.
doi:10.1016/j.ydbio.2006.04.172
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The establishment of neural circuits requires that distinct
neuronal and glial cell types form in the correct places, times,
and cell numbers in the developing embryo. Despite its
importance for the functional organization of the nervous
system, the mechanisms that account for the stereotyped
differentiation behavior of neural stem and progenitor cells
remain poorly defined. In this study, we provide evidence for a
novel mechanism by which the motor neuron (MN) fate
determinant Olig2 intersects with the Notch signaling pathway
to control the precise spatial and temporal order of neurogen-
esis in the developing spinal cord. Olig2 directs the character-
istic early differentiation of MN progenitors through its ability
to repress the expression of the Notch pathway effectors Hes1
and Hes5, which permits high levels of the proneural proteins
Neurogenin2 and Math3/NeuroM to accumulate within MN
progenitors and allows neuronal differentiation to proceed. The
ability of Olig2 to repress Hes5 appears to be direct since Olig2
can bind to a conserved regulatory element within the Hes5
locus that is capable of restricting gene expression from MN
progenitors. Our studies further show that Hes1 and Hes5 may
determine the pace at which MN differentiation progresses
since they are potent inhibitors of MN differentiation and are
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At the end of gastrulation, the ectoderm of the vertebrate
embryo can be divided into three major domains: the non-
neural ectoderm, the neural plate and the neural plate border. In
Xenopus, the neural plate border contains at least three
transitory cell populations: the neural crest, the pre-placodal
ectoderm and the hatching gland. A small number of
transcription factors are initially activated in response to neural
plate border inducing signals. These genes designated as
‘‘neural plate border specifiers’’ include Zic1 and Pax3. We
observed that the activity of Pax3 and Zic1 participates in the
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